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generator or other auxiliary power unit 

that provides motive power. For exam-

ple, this would include a vehicle that 

has a small gasoline engine that gen-

erates electricity to charge batteries. 

Unless we approve otherwise, measure 

emissions for all test cycles when such 

an engine is operating. For each test 

cycle for which emissions are not 

measured, you must validate that such 

engines are not operating at any time 

during the test cycle. 

(c) You may stop emission sampling 

anytime the engine is turned off, con-

sistent with good engineering judg-

ment. This is intended to allow for 

higher concentrations of dilute exhaust 

gases and more accurate measure-

ments. Take steps to account for ex-

haust transport delay in the sampling 

system, and be sure to integrate over 

the actual sampling duration when de-

termining Vmix.

Subpart G—Calculations 
§ 1066.601 Overview. 

(a) This subpart describes calcula-

tions used to determine emission rates. 

See the standard-setting part and the 

other provisions of this part to deter-

mine which equations apply for your 

testing. This subpart describes how 

to—

(1) Use the signals recorded before, 

during, and after an emission test to 

calculate distance-specific emissions of 

each regulated pollutant. 

(2) Perform calculations for calibra-

tions and performance checks. 

(3) Determine statistical values. 

(b) You may use data from multiple 

systems to calculate test results for a 

single emission test, consistent with 

good engineering judgment. You may 

also make multiple measurements 

from a single batch sample, such as 

multiple weighing of a PM filter or 

multiple readings from a bag sample. 

Although you may use an average of 

multiple measurements from a single 

test, you may not use test results from 

multiple emission tests to report emis-

sions. We allow weighted means where 

appropriate, such as for sampling onto 

a PM filter over the FTP. You may dis-

card statistical outliers, but you must 

report all results. 

§ 1066.605 Mass-based and molar-based 
exhaust emission calculations. 

(a) Calculate your total mass of emis-

sions over a test cycle as specified in 

paragraph (c) of this section or in 40 

CFR part 1065, subpart G, as applicable. 

(b) See the standard-setting part for 

composite emission calculations over 

multiple test intervals and the cor-

responding weighting factors. 

(c) Perform the following sequence of 

preliminary calculations to correct re-

corded concentration measurements 

before calculating mass emissions in 

paragraphs (d) and (e) of this section: 

(1) For vehicles above 14,000 pounds 

GVWR, correct all THC and CH4 con-

centrations for initial contamination 

as described in 40 CFR 1065.660(a), in-

cluding continuous readings, sample 

bag readings, and dilution air back-

ground readings. This correction is op-

tional for vehicles at or below 14,000 

pounds GVWR. 

(2) Correct all concentrations meas-

ured on a ‘‘dry’’ basis to a ‘‘wet’’ basis, 

including dilution air background con-

centrations.

(3) Calculate all NMHC and CH4 con-

centrations, including dilution air 

background concentrations, as de-

scribed in 40 CFR 1065.660. 

(4) For vehicles at or below 14,000 

pounds GVWR, calculate HC concentra-

tions, including dilution air back-

ground concentrations, as described in 

this section, and as described in 

§ 1066.635 for NMOG. For emission test-

ing of vehicles above 14,000 pounds 

GVWR, with fuels that contain 25% or 

more oxygenated compounds by vol-

ume, calculate THCE and NMHC con-

centrations, including dilution air 

background concentrations, as de-

scribed in 40 CFR part 1065, subpart I. 

(5) Correct NOX emission values for 

intake-air humidity as described in 

§ 1066.615. 

(6) Correct all gaseous concentrations 

for dilution air background as de-

scribed in § 1066.610. 

(7) Correct all PM filter masses for 

sample media buoyancy as described in 

40 CFR 1065.690. 

(d) Calculate the emission mass of 

each gaseous pollutant using the fol-

lowing equation: 
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Where:

m[emission] = emission mass over the test inter-

val.

Vmix = total dilute exhaust volume over the 

test interval, corrected to standard ref-

erence conditions, and corrected for any 

volume removed for emission sampling 

and for any volume change from adding 

secondary dilution air. 

ρ[emission] = density of the appropriate chem-

ical species as given in § 1066.1005(f). 

x[emission] = measured emission concentration 

in the sample, after dry-to-wet and back-

ground corrections. 

c = 10¥2 for emission concentrations in %, 

and 10¥6 for emission concentrations in 

ppm.

Example:

Vmix = 170.878 m3 (from paragraph (f) of this 

section)

ρNOx = 1913 g/m3

xNOx = 0.9721 ppm 

c = 10¥6

mNOx = 170.878 · 1913 · 0.9721 · 10¥6 = 0.3177 g 

(e) Calculation of the emission mass 

of PM, mPM, is dependent on how many 

PM filters you use, as follows: 

(1) Except as specified in paragraphs 

(e)(2) and (3) of this section, calculate 

mPM using the following equation: 

Where:

mPM = mass of particulate matter emissions 

over the test interval, as described in 

§ 1066.815(b)(1), (2), and (3). 

Vmix = total dilute exhaust volume over the 

test interval, corrected to standard ref-

erence conditions, and corrected for any 

volume removed for emission sampling 

and for any volume change from adding 

secondary dilution air. 

Vsdastd = total volume of secondary dilution 

air sampled through the filter over the 

test interval, corrected to standard tem-

perature and pressure. 

mPMfil = mass of particulate matter emissions 

on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 

background filter. 

Example:
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Where:

mPM = mass of particulate matter emissions 

over the entire FTP as sampled accord-

ing to § 1066.815(b)(4). 

Vmix = total dilute exhaust volume over the 

test interval, corrected to standard ref-

erence conditions, and corrected for any 

volume removed for emission sampling 

and for any volume change from adding 

secondary dilution air. 

V[interval]-PMstd = total volume of dilute exhaust 

sampled through the filter over the test 

interval (ct = cold transient, s = sta-

bilized, ht = hot transient), corrected to 

standard reference conditions. 

V[interval]-sdastd = total volume of secondary dilu-

tion air sampled through the filter over 

the test interval (ct = cold transient, s = 

stabilized, ht = hot transient), corrected 

to standard reference conditions. 

mPMfil = mass of particulate matter emissions 

on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 

background filter over the test interval. 
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(3) If you sample PM onto a single fil-

ter as described in § 1066.815(b)(5), cal-

culate mPM using the following equa-

tion:

Where:

mPM = mass of particulate matter emissions 

over the entire FTP as sampled accord-

ing to § 1066.815(b)(5). 

Vmix = total dilute exhaust volume over the 

test interval, corrected to standard ref-

erence conditions, and corrected for any 

volume removed for emission sampling 

and for any volume change from sec-

ondary dilution air. 

V[interval]-PMstd = total volume of dilute exhaust 

sampled through the filter over the test 

interval (ct = cold transient, cs = cold 

stabilized, ht = hot transient, hs = hot 

stabilized), corrected to standard ref-

erence conditions. 
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V[interval]-sdastd = total volume of secondary dilu-

tion air sampled through the filter over 

the test interval (ct = cold transient, cs 

= cold stabilized, ht = hot transient, hs = 

hot stabilized), corrected to standard ref-

erence conditions. 

mPMfil = mass of particulate matter emissions 

on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 

background filter over the test interval. 

(f) This paragraph (f) describes how 

to correct flow and flow rates to stand-

ard reference conditions and provides 

an example for determining Vmix based

on CVS total flow and the removal of 

sample flow from the dilute exhaust 

gas. You may use predetermined nomi-

nal values for removed sample vol-

umes, except for flows used for batch 

sampling.

(1) Correct flow and flow rates to 

standard reference conditions as need-

ed using the following equation: 
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Where:

V[flow]std = total flow volume at the flow 

meter, corrected to standard reference 

conditions.

V[flow]act = total flow volume at the flow meter 

at test conditions. 

pin = absolute static pressure at the flow 

meter inlet, measured directly or cal-

culated as the sum of atmospheric pres-

sure plus a differential pressure ref-

erenced to atmospheric pressure. 

Tstd = standard temperature. 

pstd = standard pressure. 

Tin = temperature of the dilute exhaust sam-

ple at the flow meter inlet. 

(2) The following example provides a 

determination of Vmix based on CVS 

total flow and the removal of sample 

flow from one dilute exhaust gas ana-

lyzer and one PM sampling system that 

is utilizing secondary dilution. Note 

that your Vmix determination may vary 

from Eq. 1066.605–6 based on the number 

of flows that are removed from your di-

lute exhaust gas and whether your PM 

sampling system is using secondary di-

lution. For this example, Vmix is gov-

erned by the following equation: 
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Where:

VCVSstd = total dilute exhaust volume over the 

test interval at the flow meter, corrected 

to standard reference conditions. 

Vgasstd = total volume of sample flow through 

the gaseous emission bench over the test 

interval, corrected to standard reference 

conditions.

VPMstd = total volume of dilute exhaust sam-

pled through the filter over the test in-

terval, corrected to standard reference 

conditions.

Vsdastd = total volume of secondary dilution 

air flow sampled through the filter over 

the test interval, corrected to standard 

reference conditions. 

Example:
Using Eq. 1066.605–5 

VCVSstd = 170.451 m3, where VCVSact = 170.721 m3,

pin = 101.7 kPa, and Tin = 294.7 K 

Using Eq. 1066.605-5 

Vgasstd = 0.028 m3, where Vgasact = 0.033 m3, pin =

101.7 kPa, and Tin = 340.5 K 

Using Eq. 1066.605-5 

VPMstd = 0.925 m3, where VPMact = 1.071 m3, pin =

101.7 kPa, and Tin = 340.5 K 

Using Eq. 1066.605-5 

Vsdastd = 0.527 m3, where Vsdaact = 0.531 m3, pin =

101.7 kPa, and Tin = 296.3 K 

Vmix = 170.451 + 0.028 + 0.925 ¥ 0.527 = 170.878 

m3

(g) Calculate total flow volume over 

a test interval, V[flow], for a CVS or ex-

haust gas sampler as follows: 

(1) Varying versus constant flow rates. 
The calculation methods depend on dif-

ferentiating varying and constant flow, 

as follows: 

(i) We consider the following to be 

examples of varying flows that require 

a continuous multiplication of con-

centration times flow rate: raw ex-

haust, exhaust diluted with a constant 

flow rate of dilution air, and CVS dilu-

tion with a CVS flow meter that does 

not have an upstream heat exchanger 

or electronic flow control. 

(ii) We consider the following to be 

examples of constant exhaust flows: 

CVS diluted exhaust with a CVS flow 

meter that has an upstream heat ex-

changer, an electronic flow control, or 

both.

(2) Continuous sampling. For contin-

uous sampling, you must frequently 

record a continuously updated flow sig-

nal. This recording requirement applies 

for both varying and constant flow 

rates.

(i) Varying flow rate. If you continu-

ously sample from a varying exhaust 

flow rate, calculate V[flow] using the fol-

lowing equation: 

Where:

VerDate Sep<11>2014 14:57 Oct 20, 2014 Jkt 232181 PO 00000 Frm 00967 Fmt 8010 Sfmt 8006 Y:\SGML\232181.XXX 232181 E
R

28
A

P
14

.0
97

<
/G

P
H

>
E

R
28

A
P

14
.1

51
<

/G
P

H
>

rm
aj

et
te

 o
n 

D
S

K
2V

P
T

V
N

1P
R

O
D

 w
ith

 C
F

R



958

40 CFR Ch. I (7–1–14 Edition) § 1066.605 

(ii) Constant flow rate. If you continu-

ously sample from a constant exhaust 

flow rate, use the same calculation de-

scribed in paragraph (g)(2)(i) of this 

section or calculate the mean flow re-

corded over the test interval and treat 

the mean as a batch sample, as de-

scribed in paragraph (g)(3)(ii) of this 

section.

(3) Batch sampling. For batch sam-

pling, calculate total flow by inte-

grating a varying flow rate or by deter-

mining the mean of a constant flow 

rate, as follows: 

(i) Varying flow rate. If you propor-

tionally collect a batch sample from a 

varying exhaust flow rate, integrate 

the flow rate over the test interval to 

determine the total flow from which 

you extracted the proportional sample, 

as described in paragraph (g)(2)(i) of 

this section. 

(ii) Constant flow rate. If you batch 

sample from a constant exhaust flow 

rate, extract a sample at a propor-

tional or constant flow rate and cal-

culate V[flow] from the flow from which 

you extract the sample by multiplying 

the mean flow rate by the time of the 

test interval using the following equa-

tion:
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§ 1066.610 Dilution air background 
correction.

(a) Correct the emissions in a gaseous 

sample for background using the fol-

lowing equation: 

Where:

x[emission]dexh = measured emission concentra-

tion in dilute exhaust (after dry-to-wet 

correction, if applicable). 

x[emission]bkgnd = measured emission concentra-

tion in the dilution air (after dry-to-wet 

correction, if applicable). 

DF = dilution factor, as determined in para-

graph (b) of this section. 
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